Abstract. Although metabolic syndrome has been recognized as a risk factor for ischemic stroke, genetic factors associated with ischemic stroke in individuals with metabolic syndrome remain unknown. We examined an association of genetic variants with ischemic stroke among individuals with or without metabolic syndrome. The study population comprised 4,387 unrelated Japanese individuals, including 1,884 individuals with metabolic syndrome (240 subjects with ischemic stroke and 1,644 controls) and 2,503 individuals without metabolic syndrome (280 subjects with ischemic stroke and 2,223 controls). The 150 polymorphisms examined in the present study were selected by genome-wide association studies of ischemic stroke and myocardial infarction with the use of the GeneChip Human Mapping 500K Array Set (Affymetrix). The initial chi-square test revealed that the C➝T polymorphism (rs9925481) of CLEC16A and the A➝G polymorphism (rs4923918) of SPTBN5 were significantly (P<0.005) associated with ischemic stroke among individuals with metabolic syndrome. No polymorphism was significantly associated with ischemic stroke among individuals without metabolic syndrome. Multivariable logistic regression analysis with adjustment for covariates and a stepwise forward selection procedure revealed that the A➝G polymorphism (rs4923918) of SPTBN5 was significantly (P<0.005), and the C➝T polymorphism (rs9925481) of CLEC16A was almost significantly, associated with ischemic stroke in individuals with metabolic syndrome. Genetic variants that confer susceptibility to ischemic stroke may differ among individuals with or without metabolic syndrome. Stratification of subjects according to the presence or absence of metabolic syndrome may thus be important for personalized prevention of ischemic stroke based on genetic information.
Introduction
Metabolic syndrome is defined by a clustering of abdominal obesity, an increased serum concentration of triglycerides, a decreased serum concentration of high density lipoprotein (HDL)-cholesterol, high blood pressure, and an increased fasting blood glucose level, in which insulin resistance may be the major underlying cause of this condition (1) (2) (3) . In addition, various environmental and genetic factors (4) (5) (6) (7) (8) contribute to individual susceptibility to each component of metabolic syndrome. Although metabolic syndrome has been recognized as a risk factor for coronary heart disease (9,10) and ischemic stroke (11) (12) (13) (14) (15) , genetic variants that confer susceptibility to ischemic stroke in individuals with or without metabolic syndrome have remained unknown. Given that stroke is the leading cause of severe disability and the third leading cause of death, after heart disease and cancer, in Western countries and Japan (16) , the identification of biomarkers for stroke risk is important both for risk prediction and for intervention to avert future events.
We previously showed that several gene polymorphisms were associated with atherothrombotic cerebral infarction in individuals with metabolic syndrome (17) . To further examine whether the association of polymorphisms with ischemic stroke is influenced by the presence or absence of metabolic INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 25: 281-286, 2010 281 Association of genetic variants with ischemic stroke in Japanese individuals with or without metabolic syndrome syndrome, we have performed an association study for 150 polymorphisms of 144 candidate genes and ischemic stroke in 4,387 Japanese individuals with or without metabolic syndrome. The purpose of the present study was to identify genetic variants that confer susceptibility to ischemic stroke in Japanese individuals with or without metabolic syndrome independently and thereby to assess the genetic risk of ischemic stroke in such individuals separately.
Materials and methods
Study population. The study population comprised 4,387 unrelated Japanese individuals who either visited outpatient clinics of or were admitted to one of the participating hospitals (Gifu Prefectural General Medical Center and Gifu Prefectural Tajimi Hospital in Gifu Prefecture, Japan; and Hirosaki University Hospital, Reimeikyo Rehabilitation Hospital, and Hirosaki Stroke Center in Aomori Prefecture, Japan) between October 2002 and March 2008 because of various symptoms or for an annual health checkup, or who were recruited to a population-based prospective cohort study of aging and agerelated diseases in Nakanojo, Gunma Prefecture, Japan. Diagnosis of metabolic syndrome was based on a modified version of the definition of metabolic syndrome proposed by the American Heart Association and US National Heart, Lung, and Blood Institute (3). In this modified version, which was also used in the West of Scotland Coronary Prevention Study (18) and the Women's Health Study (19) , body mass index (BMI) replaces waist circumference. On the basis of the recent recognition of a need to revise BMI criteria for obesity in Japanese and other Asian populations (20) , we set the cutoff point for obesity as a BMI of ≥25 kg/m 2 . A total of 1,884 subjects with metabolic syndrome had thus three or more of the following five components: (i) a BMI of ≥25 kg/m 2 ; (ii) a serum concentration of triglycerides of ≥1.65 mmol/l (150 mg/dl) or drug treatment for elevated triglycerides; (iii) a serum concentration of HDL-cholesterol of <1.04 mmol/l (40 mg/dl) for men or <1.30 mmol/l (50 mg/dl) for women, or drug treatment for reduced HDL-cholesterol; (iv) a systolic blood pressure of ≥130 mmHg or diastolic blood pressure of ≥85 mmHg, or drug treatment for hypertension; and (v) a fasting plasma glucose level of ≥5.50 mmol/l (100 mg/dl) or drug treatment for elevated glucose. A total of 3,867 subjects without metabolic syndrome had none or one of the above five components, subjects who had two components were excluded from the present study.
Among 1,884 subjects with metabolic syndrome, 240 individuals (154 men, 86 women) had ischemic stroke, and among 2,503 subjects without metabolic syndrome, 280 individuals (145 men, 135 women) had ischemic stroke. The diagnosis of ischemic stroke was based on the occurrence of a new and abrupt focal neurological deficit, with neurological symptoms and signs persisting for >24 h; it was confirmed by positive findings in computed tomography or magnetic resonance imaging (or both) of the head. The type of stroke was determined according to the Classification of Cerebrovascular Diseases III (21) . Individuals with cardiogenic embolic infarction, lacunar infarction alone, transient ischemic attack, moyamoya disease, or cerebral venous sinus thrombosis were excluded from the study, as were those with atrial fibrillation Table I . Primers, probes, and other conditions for genotyping of polymorphisms related (P for allele frequency of <0.005) to ischemic stroke among individuals with metabolic syndrome.
- 
in the absence or presence of valvular heart disease. The 3,867 control subjects had no history of ischemic or hemorrhagic stroke or other cerebral diseases; of coronary heart disease or peripheral arterial occlusive disease; or of other atherosclerotic, thrombotic, embolic, or hemorrhagic disorders. The study protocol complied with the Declaration of Helsinki and was approved by the Committees on the Ethics of Human Research of Mie University Graduate School of Medicine, Hirosaki University Graduate School of Medicine, Gifu International Institute of Biotechnology, Tokyo Metropolitan Institute of Gerontology, and participating hospitals. Written informed consent was obtained from each participant.
Selection of polymorphisms.
Our aim was to identify genetic variants associated with ischemic stroke in Japanese individuals with or without metabolic syndrome in a case-control association study. The 150 polymorphisms examined in the present study (data not shown) were selected by genome-wide association studies of ischemic stroke and myocardial infarction (P-value for allele frequency <1.0x10 -7 ) with the use of the GeneChip Human Mapping 500K Array Set (Affymetrix, Santa Clara, CA) (22) . We did not examine the relation of these polymorphisms to ischemic stroke among individuals with metabolic syndrome in our previous study (17) .
Genotyping of polymorphisms. Venous blood (7 ml) was collected in tubes containing 50 mmol/l ethylenediaminetetraacetic acid (disodium salt), and genomic DNA was isolated with a kit (Genomix; Talent, Trieste, Italy). Genotypes of the 150 polymorphisms were determined at G&G Science (Fukushima, Japan) by a method that combines the polymerase chain reaction and sequence-specific oligonucleotide probes with suspension array technology (Luminex, Austin, TX). Primers, probes, and other conditions for genotyping of polymorphisms related to ischemic stroke are shown in Table I . Detailed genotyping methodology was described previously (23) .
Statistical analysis. Quantitative data were compared between subjects with ischemic stroke and controls by the unpaired Student's t-test. Categorical data were compared by the chi-square test. Allele frequencies were estimated by the gene counting method, and the chi-square test was used to identify departures from Hardy-Weinberg equilibrium. In the initial screen, the allele frequencies of each polymorphism were compared between subjects with ischemic stroke and controls by the chi-square test. Polymorphisms with a P-value for allele frequency of <0.005 were further examined by multivariable logistic regression analysis with adjustment for covariates. Multivariable logistic regression analysis was thus Table II . Characteristics of subjects with ischemic stroke and controls among individuals with or without metabolic syndrome. 
Quantitative data are means ±SD. HDL, high density lipoprotein.
-
performed with ischemic stroke as a dependent variable and independent variables including age, sex (0, woman; 1, man), BMI, smoking status (0, nonsmoker; 1, smoker), history of hypertension, diabetes mellitus, and hypercholesterolemia (0, no history; 1, positive history), and genotype of each polymorphism; and the P-value, odds ratio, and 95% confidence interval were calculated. Each genotype was assessed according to dominant, recessive, and additive genetic models. Additive models included the additive 1 (heterozygotes versus wild-type homozygotes) and additive 2 (variant homozygotes versus wild-type homozygotes) models, which were analyzed simultaneously with a single statistical model. We also performed a stepwise forward selection procedure to examine the effects of genotypes as well as of other covariates on ischemic stroke; each genotype was examined according to a dominant or recessive model on the basis of statistical significance in the multivariable logistic regression analysis. The P-levels for inclusion in and exclusion from the model were 0.25 and 0.1, respectively. Given the multiple comparisons of genotypes with ischemic stroke, we adopted the criterion of a P-value of <0.005 for statistical significance of association. For other clinical background data, a P-value of <0.05 was considered statistically significant. Statistical significance was examined by two-sided tests performed with JMP version 6.0 and JMP Genomics version 3.2 software (SAS Institute, Cary, NC).
Results
The characteristics of the 4,387 study subjects are shown in Table II . For individuals with metabolic syndrome, age, systolic and diastolic blood pressure, and the prevalence of hypertension and diabetes mellitus were greater, whereas BMI was lower, in subjects with ischemic stroke than in controls. For individuals without metabolic syndrome, age, systolic and diastolic blood pressure, and the prevalence of hypertension were greater, whereas the percentage of smokers, the prevalence of hypercholesterolemia, and the serum concentration of HDL-cholesterol were lower, in subjects with ischemic stroke than in controls.
Comparison of allele frequencies by the chi-square test revealed that the C➝T polymorphism (rs9925481) of CLEC16A and the A➝G polymorphism (rs4923918) of SPTBN5 were significantly (P<0.005) associated with ischemic stroke in individuals with metabolic syndrome (Table III) . No polymorphism was significantly related to ischemic stroke in individuals without metabolic syndrome.
Multivariable logistic regression analysis with adjustment for age, sex, BMI, smoking status, and the prevalence of hypertension, hypercholesterolemia, and diabetes mellitus revealed that the C➝T polymorphism (rs9925481) of CLEC16A (dominant model) and the A➝G polymorphism (rs4923918) of SPTBN5 (dominant, recessive, and additive 2 models) were significantly (P<0.005) associated with ischemic stroke in individuals with metabolic syndrome (Table IV) .
A stepwise forward selection procedure was performed to examine the effects of genotypes for the polymorphisms related to ischemic stroke by the chi-square test as well as of age, sex, BMI, smoking status, and the prevalence of hypertension, hypercholesterolemia, and diabetes mellitus on ischemic stroke (Table V) . Age, hypertension, and SPTBN5 genotype (dominant model), in descending order of statistical significance, were significant (P<0.005) and independent determinants of ischemic stroke. CLEC16A genotype (dominant model) was an almost significant (P=0.0053) and independent determinant of ischemic stroke.
Finally, we examined whether the genotype distributions for the polymorphisms associated with ischemic stroke among individuals with metabolic syndrome were in Hardy-Weinberg equilibrium. The genotype distributions for the A➝G polymorphism of SPTBN5 (subjects with ischemic stroke, P=0.2589; controls, P=0.3647) and the C➝T polymorphism of CLEC16A (subjects with ischemic stroke, P=0.8873; controls, P=0.8851) were in Hardy-Weinberg equilibrium both in subjects with ischemic stroke and in controls.
Discussion
We examined the possible relations of 150 polymorphisms of 144 candidate genes to the prevalence of ischemic stroke in Table III . Genotype distributions of polymorphisms significantly (P-value for allele frequency <0.005) associated with ischemic stroke among individuals with or without metabolic syndrome as determined by the chi-square test. ---------------------------------------------------------------------------------------------------- a Numbers in parentheses are percentages.
individuals with or without metabolic syndrome. Our association study with three steps of analysis (chi-square test, multivariable logistic regression analysis with adjustment for covariates, and stepwise forward selection procedure) revealed that the A➝G polymorphism (rs4923918) of SPTBN5 was significantly, and the C➝T polymorphism (rs9925481) of CLEC16A was almost significantly, associated with ischemic stroke in Japanese individuals with metabolic syndrome.
Spectrin consists of · and ß subunits and is the predominant component of the membrane skeleton of the red cell. Spectrin is essential in determining the properties of the membrane including its shape and deformability (24) . Based on structural features, spectrin, ß, non-erythrocytic 5 (SPTBN5) is likely to form heterodimers and oligomers with ·-spectrin and to interact directly with cellular membranes (25) . Polymorphisms of SPTBN5 have not been associated with human disease. We have now shown that the A➝G polymorphism (rs4923918) in intron 32 of SPTBN5 was significantly associated with the prevalence of ischemic stroke in individuals with metabolic syndrome, with the G allele protecting against this condition. The effect of this polymorphism on membrane properties might account for its relation to ischemic stroke, although the underlying mechanism remains unclear.
The C-type lectin domain family 16, member A (CLEC16A) was shown to be expressed in B lymphocytes and natural killer and dendritic cells (26) . The G allele of the G➝A polymorphism of CLEC16A (rs2903692) was related to an increased risk for type 1 diabetes mellitus in Japanese subjects (27) , as well as in white populations (28, 29) . Three common non-coding variants of CLEC16A (rs2903692, rs725613, and rs17673553), which were in linkage disequilibrium, were significantly associated with type 1 diabetes mellitus in a genome-wide association study (29) . These results suggest that CLEC16A is involved in the pathogenesis of type 1 diabetes mellitus. We have now shown that C➝T polymorphism (rs9925481) in intron 11 of CLEC16A was almost significantly associated with ischemic stroke in individuals with metabolic syndrome, with the T allele representing a risk factor for this condition. The relation of this polymorphism to type 1 diabetes mellitus in our population remains unclear.
Our study has several limitations: (i) It is possible that one or more of the polymorphisms associated with ischemic stroke in the present study are in linkage disequilibrium with Table IV . Multivariable logistic regression analysis of polymorphisms significantly (P-value for allele frequency <0.005) associated with ischemic stroke by the chi-square test among individuals with or without metabolic syndrome. 
OR, odds ratio; CI, confidence interval. Multivariable logistic regression analysis was performed with adjustment for age, sex, body mass index, smoking status, and the prevalence of hypertension, hypercholesterolemia, and diabetes mellitus.
- Table V . Effects of genotypes and other characteristics on ischemic stroke among individuals with or without metabolic syndrome determined by a stepwise forward selection procedure (P<0.005).
- -------------------------------------------------other polymorphisms in the same gene or in other nearby genes that are actually responsible for the development of this condition; (ii) The functional relevance of the identified polymorphisms to gene transcription or to protein structure or function was not determined in the present study; (iii) Although we adopted the criterion of P<0.005 for association to compensate for the multiple comparisons of genotypes with ischemic stroke, it is not possible to exclude completely potential statistical errors such as false positives; (iv) The results of the present study were not replicated in independent subject panels.
------------------------------------------------
In conclusion, our present results suggest that SPTBN5 and CLEC16A are susceptibility loci for ischemic stroke among Japanese individuals with metabolic syndrome. Genotypes for these polymorphisms may prove informative for assessment of genetic risk for ischemic stroke in such individuals. Genetic variants that confer susceptibility to ischemic stroke may differ among individuals with or without metabolic syndrome. Stratification of subjects according to the presence or absence of metabolic syndrome may thus be important for personalized prevention of ischemic stroke based on genetic information. Given that our present study may be considered as hypothesis generating, validation of our findings will require their replication with independent subject panels.
